Reproduction (2001) 121, 815-823 Research As the corn mouse, Calomys musculinus, has a short luteal phase (2-3 days) that is not prolonged after copulation, it was hypothesized that (i) implantation would occur at the end of this phase, that is, earlier than it occurs in most murid species that have been studied, and (ii) a lactational embryonic diapause would not occur during the luteal phase. These hypotheses were tested in females that had copulated during postpartum oestrus and were either lactating or not lactating. Data were recorded from day 3 to day 5 of pregnancy (day 1 = day after coitus), at both 03:00-05:00 h and 17:00-19:00 h. Evidence of implantation in both non-lactating and lactating animals was apparent at 03:00-05:00 h on day 4 (endometrial 'blue reaction' in all cases and failure to recover free uterine embryos in some cases) and implantation swellings appeared within 24 h in both groups. In another experiment, the increase in duration of interbirth intervals in continuously mated females and their correlation with the number of suckling young were compared among C. musculinus, C. laucha, Akodon molinae (South American murid species) and Peromyscus maniculatus (a North American murid in which a lactational embryonic diapause has been shown). The results were indicative of a lactational embryonic diapause in the North American species, but not in the South American species. It was concluded that in C. musculinus (i) implantation occurs at the end of the spontaneous luteal phase, and (ii) that a lactational embryonic diapause does not occur: the absence of a lactational embryonic diapause may be common to other South American murid rodents.
Introduction

Calomys musculinus is a South American vesperalnocturnal mouse, which is the main reservoir of Argentine haemorrhagic fever
. (5.4-7.6 ), a long breeding season (September-June, austral spring to winter) and a high percentage of adult pregnancies during the breeding season (65%) (de Villafañe, 1981; Hodara et al., 1984; Cutrera et al., 1988 Cutrera et al., , 1992 Mills et al., 1992) .
It is the most opportunistic of the common rodents of the Argentine pampa, as indicated by several reproductive parameters: frequency of postpartum oestrus (72%), duration of the oestrous cycle and gestation (5-6 days and 21 days, respectively), mean embryo count in the field (7.8), size of litter in the laboratory
South American murid rodents (that is, the neotropical division of the subfamily Sigmodontinae; Musser and Carleton, 1993) are a diverse monophyletic group that probably entered South America in late Oligocene to early Miocene times and has evolved in isolation ever since (Reig, 1984) . Several unique reproductive features distinguish this group from its North American counterpart (Hooper and Musser, 1964; Castro-Vazquez et al., 1987; Spotorno et al., 1990; Yunes and Castro-Vazquez, 1990; Pearson, 1992; Cutrera et al., 1998) . These differences have raised the question of the phylogenetic meaning of the 'North-South dichotomy' within the subfamily Sigmodontinae (Smith and Patton, 1993) , which is the second most diverse of the 17 murid subfamilies (Musser and Carleton, 1993) .
In many species of murid rodent, gestation may overlap with the lactation of the previous litter. The partitioning of resources and possibly the conflicting hormonal functions of these two physiological events is resolved through a mechanism known as embryonic diapause (or delayed implantation: Renfree and Calaby, 1981; Renfree and Shaw, 2000) . A lactational embryonic diapause has been reported in seven species of three North American genera of sigmodontine rodents (Layne, 1968; Gilbert, 1984) . However, it has been reported for only one South American species (Calomys laucha: Hodara et al., 1989) as indicated by an increase in duration of the interbirth interval in continuously mated female mice.
In the laboratory rat, in which a lactational embryonic diapause is well known (Lataste, 1891) , the maintenance of plateau concentrations of progesterone between day 4 and day 11 after copulation (Pepe and Rothchild, 1974) (Cutrera et al., 1998 (Cutrera et al., 1988) , the number of hours after mating was calculated from this time. It should be noted that ovulation also occurs at approximately 19:00 h in this species (Cutrera et al., 1992) Cutrera et al., 1988; Laconi and Castro-Vazquez, 1998) (Psychoyos, 1960; Gosden et al., 1981) .
Materials and Methods
Animals, housing and feeding
Experiment 2: variation in the duration of gestation in lactating females caged continuously with a male
The duration of the interbirth intervals associated with concurrent lactation was estimated from birth records of our colonies of C. musculinus, C. laucha, A. molinae and P. maniculatus, in Mantalenakis and Ketchel, 1966; Clethrionomys glareolus: Clarke and Hellwing, 1983) and those that do not have a lactational embryonic diapause (Microtus ochrogaster: Richmond and Conaway, 1969) were also analysed for comparison.
For computations, the species typical duration of gestation in non-lactating females was defined as the modal duration in such conditions (or the mean duration when the mode was not available). These values were estimated from our records and from those of Mantalenakis and Ketchel (1966) , Richmond and Conaway (1969) and Clarke and Hellwing (1983) (Fig. 1) (Fig. 2) . Corresponding values for C. glareolus, M. musculus, R. norvegicus and P. maniculatus are also presented (Fig. 3) . Modal values for the variation from the species duration of gestation were zero in M. ochrogaster, C. musculinus, C. laucha and A. molinae (Fig. 2) (that is, the modal interbirth interval was equal to the corresponding species typical duration of gestation), whereas the modal variation value was 2-5 days greater than the corresponding typical value in C. glareolus, M. musculus, R. norvegicus and P. maniculatus (Fig. 3) .
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Day of gestation Variation from the typical duration of gestation Frequency (%) Hellwing, 1983; and Mantalenakis and Ketchel, 1966 Mantalenakis and Ketchel, 1966; Richmond and Conaway, 1969; and Clarke and Hellwing, 1983 (Montoro et al., 1987) . The prediction that a coitus-induced prolongation of luteal function is not needed for pregnancy to be established in this species (Cutrera et al., 1998) is supported by the fact that implantation occurs at a time when the corpus luteum formed at ovulation has not yet regressed (Cutrera et al., 1992) .
Fig. 1. Timing of parturition (P), copulation (C), passage of embryos into the uterus (E), and implantation, from endometrial attachment of embryos to the development of a distinct decidual nodule (I), in lactating and non-lactating female Calomys musculinus. Black vertical lines indicate midnight; grey bars extend throughout the period of each process. The light grey bar indicates the extended duration of implantation that was observed in some lactating females.
Fig. 2. Variation from the species typical duration of gestation in female Calomys musculinus (), C. laucha (ᮀ), Akodon molinae (*) and Microtus ochrogaster (᭹) that were caged continuously with males and had lactating young (data for M. ochrogaster are from Richmond and Conaway, 1969). The species typical duration of gestation (that is, the duration in non-lactating females) was estimated at 21 days for C. musculinus, C. laucha and M. ochrogaster and at 25 days for A. molinae.
Fig. 3. Variation from the species typical duration of gestation in female Peromyscus maniculatus (᭜), Clethrionomys glareolus (᭺), Mus musculus (᭡) and Rattus norvegicus (᭞) that were caged continuously with males and had lactating young (data for C. glareolus, M. musculus and R. norvegicus are from Clarke and
Discussion
In postpartum C. musculinus females implantation occurs on day 4 of gestation, that is, at a time similar to that in nulliparous females
The hypothesis tested in the present investigation was that a lactational embryonic diapause does not occur in C. musculinus because of the lack of coitus-induced sustained concentrations of progesterone in females with no implanted embryos (Cutrera et al., 1998) . Because of their phylogenetic affinities, it is possible that this hypothesis could be extended to other South American sigmodontine species, as supported by evidence in the present study.
Despite the suggestion of a short diapause (< 1 day) in a small proportion of lactating female C. musculinus (10-30%), there were no significant differences in the proportion of lactating and non-lactating females bearing implantations at each time tested or at the time when the blue spots were detected in the uterus. In addition, no indication of an increase in duration of gestation concurrent with lactation was observed when the duration of the (1975) Data are mainly from Asdell (1964) , Layne (1968) , Breed (1979 Breed ( , 1981 Breed ( , 1989 , Renfree and Calaby (1981) , Gilbert (1984) , Seabloom (1985) and Cutrera et al. (1998) . Three murid species were excluded from this table: (i) Mesocricetus auratus, a species that undergoes pseudopregnancy after cervicovaginal stimulation (Diamond and Yanagimachi, 1968) , but which does not show postpartum oestrus (Freeman and Goldman, 1999) and, therefore, simultaneous pregnancy and lactation cannot occur; and (ii) Acomys cahirinus and Mesembriomys gouldii, which have a long and functional luteal phase in the absence of coital stimulation (that is, a functional luteal phase occurs spontaneously; Crichton, 1969; Peitz, 1981 Breed, 1969) as copulation may occur during lactation in M. ochrogaster (Richmond and Conaway, 1969) and this might also be the case for A. molinae. However, previous studies on oestrous behaviour in A. molinae have not been extended beyond the night after parturition (Yunes and Castro-Vazquez, 1990) . The current study confirms the occurrence of a lactational embryonic diapause in P. maniculatus (Svihla, 1932) , as occurs in other species of the genus (Layne, 1968; Gubernick, 1988) .
The available evidence on the distribution of a coitusinduced prolongation of the luteal phase (pseudopregnancy) and of a lactational embryonic diapause in murid rodents is reviewed ( (Reig, 1984; Gardenal et al., 1990; Smith and Patton, 1993) .
